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Abstract:   

Development in carbon nanotubes (CNTs), silicon nanotips (SiNTs) and related 

hybrids has been demonstrated in various applications, such as photovoltaic, 

optoelectronics, sensing and energy. Specifically, four cases are highlighted here: (1) 

single-walled CNTs dispersed in polymer matrix for photovoltaic, (2) ZnO coated 

SiNTs for light-emitting optoelectronic, (3) hybrid ZnO nanorods/Cu nanoparticles 

as catalyst for microreformers with high conversion efficiency, and (4) composite 

polyaniline nanowires/carbon cloth as flexible supercapacitor with high gravimetric 

and area-normalized capacitance.    
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Introduction   

Over the last few years, my group has established a strong program on various 

low-dimensional nanomaterials, such as carbon nanotubes (CNTs), Si nanotips 

(SiNTs), GaN nanowires, and related advanced nano-composites. Building on these 

ground works, a number of photovoltaic, optoelectronic, sensing and energy/power 

devices that utilize the above-mentioned nanomaterials as their key components have 

been developed. Nano-structured system with well-controlled interfaces that either 

giving better catalytic activity and subsequent current carrier conduction or blending 

electro-/photo-active donor and acceptor plays a decisive role in fabricating 

high-efficiency electrochemical, optoelectronic or photovoltaic devices. Our main 

emphases have been placed on (i) studying the energetic and formation kinetics of 

the nanostructures and their composites; (ii) functionalizing the surface of these 

nanostructures and their interface properties; (iii) analyzing the interface/surface 

structure and physical/chemical property in nanoscale; (iv) designing “smart” 

micro-devices with interface-controlled properties. As will be exemplified below, 

novel designs using the inherently high surface area and large aspect ratio of these 

nanostructures have shown unique properties and device performance unmatched by 

their bulk counterparts.  

Categorized Summary of Research Outcomes 

(1) Single-walled CNTs Dispersed in Polymer Matrix for Photovoltaic 

Solvent effects on the dispersion of the single-walled CNTs in the 

poly(3-hexylthiophene) (P3HT) matrix were investigated. Bulk heterojunctions of 

P3HT and CNTs have been fabricated and their photovoltaic performance has been 

studied. Not only the morphology of P3HT but also the CNTs dispersion in P3HT 

matrix show strong dependence on the solvents. Atomic force microscopy images 

suggest that P3HT forms poor crystal structure in chloroform but better in solvents 

that have relatively high boiling points such as chlorobenzene, toluene, and o-xylene 

(Figure 1). However, the results of quench rate of photoluminescence and the exciton 

lifetime decay rate in CNT/P3HT indicate that a good SWNT dispersion can only be 

obtained in chloroform and chlorobenzene cases. This suggests that more effective 

interfaces can be formed when these two solvents are used and thus leads to 

enhanced charge separation rate, which eventually will benefit photovoltaic 



performance. Our photovoltaic demonstration further confirms the idea and suggests 

that using chlorobenzene for preparation of SWNT/P3HT photovoltaic devices will 

give more promising results.  

 
Figure 1 AFM topography and phase contrast images of pristine P3HT 
films spin-coated from different solvents: (a) (b) CF, (c) (d) CB, (e) (f) 
o-xylene, and (g) (h) toluene. The morphology image is on the left side 
and phase one is on the right for each solvent. The image size is 1 by 1 
µm with resolution of 512 X 512 pixels. 

(2) ZnO Coated SiNTs for Light-emitting Optoelectronics 

Here, we demonstrate a new and general approach to generating sufficient carrier 

injection and efficient light emission from a Si nanotip array. As illustrated 

schematically in Figure 2, an n-type ZnO layer was grown by pulsed laser deposition 

(PLD) onto the p-type SiNTs to form p-n heterojunctions.   

 
Figure 2 Schematic diagrams showing the fabrication technique of 

our ZnO/SiNTs arrayed light-emitting-diodes.  



We further show that the unique geometry of the nanotip gives enhanced 

effective field, thus enables us to operate the arrayed light-emitting-diodes (LED) 

with a very low voltage (~2.4 V), unmatched by their planar film counterparts. Our 

new approach for fabricating an efficient, large-area silicon-based nanotip LED array 

could pave the way for integrating Si ultralarge-scale integrated circuits with 

electro-optics to overcome the speed limitation of electrical interconnects and to add 

extra functionalities on silicon chips. 

(3) Hybrid ZnO Nanorods/Cu Nanoparticles as Catalyst for Microreformers 

The idea of using microreformers is highly attractive for several applications, 

such as on-board hydrogen sources for small vehicles and portable fuel cells. 

However, two key issues have hindered the realization of microreformers for 

catalysis, namely, poor adhesion between the catalyst layer and the microchannels 

and poor utilization of catalyst layer deposited in the form of thick film. 

Notwithstanding, several approaches investigated to overcome these issues, catalyst 

immobilization, and its efficient utilization inside the microchannel remains a 

challenge. Most of these approaches involve a two-step process, wherein active 

catalysts are prepared in the first step, followed by its immobilization on the surface 

of the microchannels in the second step. Herein, we report a simple and reliable 

method for integrating in-situ synthesis of catalyst and its immobilization for 

microreformer applications (Figure 3).  
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Figure 3  Schematic illustration of an in-situ synthesis of Cu 
nanocatalysts and arrayed ZnO nanorods supports. 

The ZnO nanorods (NR) arrays were first grown on a microchannel reactor 

using a simple template-free aqueous approach. A simple mixture of copper salts, 

aqueous media, and ZnO NR arrays at low temperature subsequently resulted in 

spontaneous formation of cable-like nanostructures. As the ZnO NR@Cu NP 



nanocomposites were synthesized in-situ directly on the microreactor, the arrayed 

ZnO@Cu nanocomposites were strongly anchored onto the microchannel. The strong 

mechanical anchorage of nanostructured catalysts on the surface of microchannel 

was shown by the observation that no material loss occurred after sonication in the 

water for several hours. The methanol conversion behavior (Figure 4) and the 

interaction between Cu NPs and ZnO NRs were studied by several analytical 

techniques, including X-ray photoelectron spectroscopy, X-ray absorption 

spectroscopy, and temperature-programmed reduction. The methanol conversion rate 

over the arrayed ZnO@Cu is as high as 93%, with a hydrogen production rate of 183 

mmol/h per gram catalyst at 250°C. Both rates are significantly higher than those 

obtainable with the commercial catalysts. Surprisingly, a CO concentration of only 

170–210 ppm was detected during these runs at 250°C, much lower than circa 1000 

ppm for the commercial catalysts. 

 
Figure 4 Comparative studies of the methonal conversion behaviors as a 
function of temperature for the ZnO NR@Cu NP nanocomposites (open 
symbols) and commercial catalysts (solid symbols). 

(4) Flexible Supercapacitor Based on Polyaniline Nanowires/Carbon Cloth with 

both High Gravimetric and Area-normalized Capacitance 

We present a simple and convenient route to directly fabricate polyaniline 

nanowires (PANI-NWs) onto the surface of carbon cloth (CC) by an 

electrochemical method. CC was specifically selected as the current collector due 

to its cost-effectiveness, high conductivity, reasonable chemical stability, and a 3D 



structure with high porosity (hence high surface area) for PANI-NWs growth. In 

addition, the flexible nature of CC is also preferable for fabrication of 

flexible-electrode from the design and packaging perspectives. Moreover, unlike 

other powdered-type supercapacitors, the PANI-NWs/CC is a binder-free electrode 

that enables reduction in interfacial resistance and enhances the electrochemical 

reaction rate. As regards to the porosity of PANI-NWs/CC, the network of 

comparatively large pore sizes in CC are expected to facilitate the diffusion of 

electrolyte into the electrode material, thus providing channels for rapid transport 

of conductive ions. As shown in Figure 5, an excellent capacitive performance of 

this novel PANI-NWs/CC electrode, that simultaneously exhibits high gravimetric 

as well as area-normalized capacitance values, is demonstrated. 

 
Figure 5  (a) Schematic of the flexible supercapacitor made of 
PANI-NWs/CC, using a conventional two-electrode system, (b) 
Mechanical flexibility of PANI capacitors, for flat sheet (left), and 
curvature cells (right). Cyclic voltammograms: (c) PANI capacitor 
bended with diameters of curvatures from 2.5 to 0 cm (d) PANI capacitor 
returned the diameters from 0 to 2.5 cm at a scan rate of 10 mVs-1. 
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